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Abstrat
To argue against a too narrow fous in the LHC Higgs searh, a simple-
minded model with a rih osmographi vauum struture for the gen-
eration of masses is developed on a oneptual level. In this framework
Higgs like bosons whih ould exist in the LHC mass range have no pref-
erene to deay in heavy avors.
1 Introdution
Most theoretial onepts of LHC physis onerning the origin of masses were
developed three deades ago. It is important to keep in mind that in spite of this
respetable age there were few real tests and our understanding of how masses
arise still is in an early state. In absene of experiments one had to searh
for theoretially onvining theories. As experimental information from LHC is
imminent it might be wise to somewhat disrespetfully bet on simple-minded
more generi onsiderations.
Fermion masses might reet their oupling to a Higgs eld also responsible
for theW mass or not. The rst possibility, the standard model ase, is arefully
studied. For the seond options there are again two possibilities: fermions might
not ouple at all to the W -mass Higgs eld or fermions might ouple to Higgs
elds, but not proportional to their mass. The rst ase of this option is again
arefully onsidered as it happens to orrespond to the situation of the minimal
super-symmetri Higgs. Our fous here will be the seond ase.
As there is presumably less suppression of light fermions, its experimen-
tal signature will be a pair of possible multi-TeV jets. It was onsidered as a
possible signal for something outside of the standard model at Fermilab until
the struture funtions were better understood. Without enouragement from
theory dijets are still studied [1℄.
To motivate suh a searh we outline a model where suh a hannel would be
entral. In setion 2 the basi onept is developed and the fermion mass ma-
tries are onsidered. The boson masses are the topi of setion 3. A disussion
of possible experimental observation and tests follows in setion 4.
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2 The Model for the Fermion Masses
For the motivation of the novel onept aept a fantasy. Imagine Newton
had been rewarded with really appropriate funding: The apple tree had turned
into ballisti onstrutions. Skills about very preise triangulation and methods
to orret for air frition might have been developed and a nal experiment
with a huge annon shooting from oast to oast at an empty plae in the new
North Amerian territories might have led to a seemingly new physis result
V ∼ 1/r1+ǫ. A loser inspetion would have led to the IVth Newton priniple:
NEVER MIX UP PURE PHYSICS WITH GEOGRAPHIC ACCIDENTS  in
the fantasy the Roky Mountains and the Appalahians.
The idea is that some of today's multitude of physial onstants annot be
alulated from rst priniples of physis but have to be attributed to a basially
aidental struture of a osmographi vauum in our zone of the universe.
This basi philosophy is of ourse not new. Similar ideas were, p.e., formu-
lated in a more sophistiated framework of a Multiverse [2, 3℄, whih are based
on the anthropi priniple and whih (usually) assume osmologial uniformity.
Even in the standard model the vauum is somewhat messy. It is known to
ontain a ertain amount of hiral ondensates and one Higgs eld with a om-
pliated potential. The separation of U(1) and SU(2) is not respeted. So it
seems not very bold to aept a riher vauum struture.
The term vauum might be onfusing. In eld theory the vauum has
no time and spae dependene. The osmologial vauum struture loally
mimis the eld theoretial vauum to whih it orresponds in the limit of a
stable innite extension of the states it ontains. The loality onept is not far
fethed. It is usually assumed that somehow the vauum has a time dependene
on a osmi sale and relativistially a spae dependene is therefore in some
way anyhow inluded.
The osmographi vauum an ontain a largely aidental mixture of fermion
ondensates. The eetive negative binding energy is of the order of the masses
bound and the following ondensation relation
Vbinding +
∑
mfermion + Elocalization ≈ 0
an approximately be satised. A residual fermioni repulsion limits the vauum
density. In this way a ollapse in an innite dense vauum is not possible.
Fermions are usually not neutral. The absene of interations with γ requires
that these omposite states of the harged fermions are bound very tightly.
The usual spontaneously broken vauum leads to a problem. The energy
shifts during phase transitions have to be of the sale of partile physis many
orders of magnitude above the energy density needed in osmology. The osmo-
graphi vauum oers a solution of this hierarhy problem. After ondensing
the osmologial vauum preeded on a path reduing its energy from a partile
sale to a value lose to zero. The entral assumption is that there is no intrinsi
sale in this deay. This ∂µvac./∂(µvac.t) = −κµvac. leads to a simple power
derease, i.e. µvac. =
1
κ
/(t− t0). Here µvac. is the energy density of the vauum
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and κ a dimensionless deay onstant. The present value depends on the time
it had i.e. on the apparent age of the universe. As needed the dark energy has
a osmologial and not a partile physis sale.
This has an immediate onsequene for the extension of the ondensate i.e. of〈
< (
∑
ri)
2 >∼ [cosmological scale]
〉
. At the starting point of the ondensation,
i.e. at the phase-transition temperature, it must have had a partile physis
sale to overlap with the visible world; nowadays it must be extremely extended
reeting the age of the universe. Any deay and any hange must now be ex-
tremely slow. In this way onsisteny is reahed with the observed homogeneity
of the physial laws whih depend on the osmographi vauum.
In the standard model all parameters of the mass matries are transferred
to oupling onstants:
mij = gij 〈h〉
The basi idea of the osmographi vauum involves a simple hange. The
ouplings are essentially part of pure physis and unique. The multitude of
other parameters is simply transferred to properties of rihly strutured, largely
aidental osmographi vauum:
mij = g˜ 〈hij〉
In the onsidered realization of the osmographi vauum the Higgs elds hij
orrespond to fermion ondensates.
The non-empty vauum does selet a Lorentz system. The observed (ef-
fetive) Lorentz invariane of the visible world limits the interation with the
osmographi vauum to a purely Lorentz salar one. The physial mehanism
 how this works, lies in a low energy eetive theory based on the the Operator
Produt Expansion. Tensor oupling with non-zero rank involves derivatives
whih vanish in the limit < (
∑
ri)
2 >→∞.
The interation with the ondensate partiles is taken to be a gauge theory
with one high external mass haraterizing the ondensates. The simplest pos-
sibility is an additional, suiently strongly oupling high mass omponent in
known gauge elds. Also possible is a new SU(3) Tehniolor interation with
a suiently strong interation and a high gluon mass. Suh a theory might be
more attrative for reasons not onneted to our disussion
1
. The value of the
new high mass sale is not intrinsially onneted to the W mass.
To lowest order there are then the two ontributions shown in gure 1, where
the separation between visible world and osmologial vauum is indiated by
a box.
The rst term involves tensors of rank 1 and vanishes in the onsidered limit.
The Fierz transformation of the seond term inludes a salar ontribution whih
survives.
The ondensate interation interation has to be strong and higher orders
have to be inluded. The high binding energy disallows intermediate unbound
1
They might oer an understanding of the nature of generations. They ould be duality-
onneted to theoretially attrative brane theories.
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tions with osmographi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Figure 2: The equality of partile and antipartile masses
ondensates on the orresponding sale. This requires the fermion exhange pro-
ess to stay point like. Exept for the strength of the eetive oupling nothing
hanges on a qualitative level. There is no suh argument for a possible two-
gauge-boson Lorentz-salar ontribution to the rst term. Suh a ontribution
ould play a role as a seed for the gluon ondensate needed for hiral symmetry
breaking not onsidered here.
The basi result is reassuring. As needed the interation with the vauum
turns out to be avor dependent, with the mass of a fermion mi proportional to
its density ρi in the osmologial vauum. The exat form of this dependene
an be estimated in lowest order to be: mi ∼ ρig
2/M˜2 where M˜ is an eetive
mass of a boson exhanged in the vauum.
In the onsidered zero-momentum limit there is no distintion between in-
oming and outgoing partiles as indiated in gure 2. Partiles and anti-
partiles have the same mass. In this way CPT is onserved separately in the
visible part of the world.
The magneti dipol eld energy exludes bound states with non salar spins
from the vauum. Therefor the osmographi vauum annot serve as spin
reservoir and angular momentum must be onserved in the visible world. As
the salar nature must hold independently of the Lorentz system the vauum
spin must vanish separately for eah avor with it spei mass. Therefore the
osmographi vauum does not destroy parity (P) invariane for partiles in the
visible world.
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Not all fermion index ombinations (i, j) an exist in the osmographi va-
uum. To reah the low energy density the vauum must ontain tightly bound
eletrially neutral and olorless states. In this way the mass matrix deomposes
into four separate matries: Mu,c,t, Md,s,b, Me,µ,τ , and Mν(1),ν(2),ν(3).
2
The result losely resembles the
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Figure 3: Flavor-hanging ontribution
standard approah. Diagonalization
allows to dene avor eigenstates on-
served in neutral-urrent interations
in the usual way. Charge urrents
require to onsider mass matries in
a Cabibbo-rotated, non-diagonal ba-
sis leading to avor transitions in the
usual way. However, there are two
fundamental dierenes.
The rst point onerns avor on-
servation depited in gure 3. The
supersripts indiate that the transferred basis with the SU(2) partners of the
d resp. s quark is onsidered. All avors are onserved if the visible world and
the vauum are taken together! Only if the visible world is onsidered separately
avor-hanging proesses appear. E.g. the matrix element M(c(s) → u(d)) and
the orresponding hange in the vauum is responsible for the loss of strangeness.
The osmographi vauum ats as an innite reservoir.
Take an ss pair produed in e+e− annihilation out of the real vauum.
It eventually annihilates from the visible world (K deays) and leaves a or-
responding pair in the osmographi vauum, where it spreads out and where
it might eventually annihilate as part of the osmologially slow deay of the
osmographi vauum.
The seond point is more subtle and onerns CP violation. Masses are a
salar, low momenta limits of amplitudes. As there are no intermediate states
the optial theorem requires these amplitudes - taken by themselves - to be
real. They are not part of a fundamental Hamiltonian and hermitiity is not a
requirement!
If the osmographi vauum ontains dierent
〈
fi fj
〉
and
〈
fi fj
〉
onden-
sates it aommodates CP violation in the visible world. Figure 4 lists the
possible ontribution of the mass-matrix elements with s and d quarks. Dier-
ent ondensates lead to a dierene between the rst and the seond line.
In an asymmetri partileantipartile world it is reasonable to assume that
an initial mixture of avors deayed in the nowadays seen light avors. Hene for
an asymmetri vauum slightly dierent amounts of p.e. < s d > than < d s >
ould be expeted
3
.
2
The model ontains a onserved fermion number and exludes Majorana masses. The
theoretial motivation for Majorana masses is not strong as the model will have to aommo-
date anyhow large dierenes in mass (
mt
me
∼ 10
5
). If the neutrino-less double beta deay is
onrmed the vauum struture assumed in the model annot survive.
3
The simple unitarity requirement would be replaed by a statistial onsideration with
the priniple of detailed balane.
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Figure 4: The symmetries of the avor-hanging ontributions
As explained in Set. 4 in osmography partile and antipartile dominated
zones an oexist and a symmetri world an be assumed[4℄. The dominant CP
asymmetry left in the vauum is taken to be just a slightly dierent phase of
the
〈
fi fj
〉
and
〈
fi fj
〉
ondensates somehow reeting the dierent loations of
partile and antipartile zones. As seen below this hanges the avor hanging(
0 1
1 0
)
entry to the usual cos δ
(
0 1
1 0
)
+ sin δ
(
0 −i
i 0
)
ontribution.
Following the usual hermitian theory δ an be obtained from a omparison of
the K0 ← K0 transition with the K0 → K0 transition  whih involves twie
the rst resp. the seond line.
The most spei evidene for CP violation omes from interferene exper-
iments. On the rst sight the dierent nal vauum states seem to ompletely
exlude suh ontributions. The vauum part of the proess has to be inluded
in the onsideration. The nowadays vauum is on the experimental sale on-
stant. There is no phase whih depends on the loations where strangeness is
given resp. taken from the vauum. Also the vauum is by now oherent in
regard to its bosoni bound states. The phases of all inoming and outgoing
bosons are xed. In this way the oherene needed for the observed interferene
is not destroyed even in a ompliated proess in whih, say, in one partiular
ontribution two s quarks are taken from two vauum bosons at the site of the
K0S and the K
0
L deay and two s quark are given to two dierent vauum bosons
at the site of, say, a ∆S = −2 self interation of the K0L. The vauum asym-
metry in regard to the phase of sd¯ and s¯d leeds to a phase dierene between
6
a replaement of an s by a d and again of a d¯ by an s¯ and a replaement of an
s¯ by a d¯ and one of a d by an s yielding the CP violating ontribution to the
mass matrix desribed above.
In ontrast to the usual model there an be CP violation with two genera-
tions and the CP violation an be adjusted separately for eah avor pair. If
it is indeed based on the partileantipartile utuations in the visible light
quark world, it should be less for bc¯ and tc¯ systems than for uc¯, ut¯, ds¯ and db¯
systems. In the standard model this observation is obtained from an arbitrary
parameterization of the unitarity triangle.
To summarize CP violation arises as one restrits the onsideration to the
visible world and ignores the asymmetries of the osmographi vauum. The
osmologial need for CP violation to ause partileantipartile asymmetry
does not exist in a landsaped universe.
To be more spei about the possible dynami: what ould suh a vauum
look like? With one important aveat disussed later, the osmographi vauum
ould onsist of very tightly bound neutral, olorless fi fj pairs. In ontrast to
top-ondensate models[6, 7℄ the osmographi model does not allow for a speial
avor seletion in the Lagrangian. As onsequene the osmographi vauum
must be more ompliated than a pure top ondensate. Spatial onsiderations
might be essential and, unpleasantly, the model to a ertain degree laks pre-
ditiveness.
For the ondensation three ingredients must be assumed:
a) If a fermion somehow ondensates and obtains a heavier mass loser to the
new mass sale, it an ondensate more strongly ausing an inreased
density. The self-propelling mass asymmetry ould be an essential part of
the explanation of the large variation in the densities resp. masses.
b) The interation between dierent ondensate states must somehow prevent
other fermions from ondensation to similar masses. Pakaging geometry
might play a role. The argument is again needed to support the dominant
role of the top quark in the vauum. The same mehanism might work to
a ertain degree for the b s d fermion system and to lesser an extend for
the less dense τ µ e and the ν fermion systems.
) The hierarhy of the observed masses [9℄ should also reet utuations
from the tt ondensate to other fermion ondensates. The probabilities of
suh utuations depend on the similarity of the bound state. Whether
the binding is also supported by olors or eletri harges should be the
dening properties for the similarity. In this way the order of the u... ,
the d..., the e...and the ν...fermion masses might be understood.
It is important to keep in mind that these are just general onstraints on a
largely aidental osmologial vauum.
7
vacuum
f
i
f
i
vacuum
Figure 5: Vetor-boson interations with osmographi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3 The Vetor-Boson Masses
Vetor bosons an also interat with fermions of the osmographi vauum in
the way shown in gure 5. Obviously both vetor bosons pitured have to have
orresponding harges. The eletri neutrality of the vauum prevents a mass
of the γ through this mehanism.
In the lowest-order Operator Produt Expansion one obtains the term:∑
i
(
ρiθi ~Wµ ~W
µ + ρiθiBµB
µ
)
where ρi is the density of the ith fermion and where θi = 1 if the proess is
allowed for the onsidered fermion type. There also an be mixed terms.
The ontribution of a single fermion to the squared vetor-boson mass is
proportional to the density and in lowest order to the square of the oupling:
M2W ∼
∑
(ρig
2/m˜i), where m˜i is the eetive mass of a fermion in the osmo-
graphi vauum.
In spite of the similarity the interations responsible for fermion- and vetor-
boson masses are atually quite dierent. The fermion exhange proess should
depend on the binding like a hadroni interation while the vetor-boson inter-
ations essentially just ount the harges.
The relative weights of these proesses are unertain.
4
Here we will onsider the possibil-
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vacuum vacuum
Figure 6: Mesons and B mass
ity that vetor-boson masses are also
a onsequene of the fermion onden-
sate. Enouraging is the following.
As the top dominates (mt/mb ∼ 20)
the vauum ontribution to the ve-
tor bosons there is a simple estimate
explaining the observed similarity of
the vetor-boson and top-quark mas-
ses.
The identiation requires a ompliation in the vauum struture. To un-
derstand it, we rst need to explain a ounting rule. Considering the ontribu-
tions of fermions f one nds
4
It is even possible that the fermion ondensate is pratially unrelated to the vetor-boson
masses and onventional Higgs boson elds play a dominant role for the vetor-boson masses
while the fermion part of the ondensate ould be responsible for fermioni masses.
8
M2W ∼ #f +#f
M2B ∼ #f −#f
where B is the U(1) gauge boson. As indiated in gure 6 mesons annot
ontribute to MB. The Weinberg angle tan θW =M
2
B/M
2
W thus determines the
fermion or anti-fermion exess in the vauum.
The exess presents no problem
b
b
t
b
vacuum
spectator color
Figure 7: Canellation of the b-quark
ontribution
as the ondensate an ontain olor-
less, eletrially neutral neutron-like
states. Both the enhaned usual gauge
and the Tehniolor senario allow for
suh mixed symmetry states. As the
vauum has to be spinless these baryons
have to ome in pairs with ompen-
sating spins. A mixture of two (qqq)
baryons and exatly seven (qq) mesons leads to a Weinberg angle of tan θW =
3/10 or sin θW = 0.2308 pretty muh in the enter of the experimental value.
A possible problem arises with the top dominane. A neutral baryon (like
(tbb)) ontains at most one top quark. Ignoring all other avors this would lead
to a ratio mt/mb = 4 instead of 20. However, there is a negative interferene
between both b quarks and the mixed ontribution illustrated in gure 7 ould
lead to the required anellation if even and odd parity olor singlet exhanges
are of similar weight.
4 Experimental Expetations
The ondensate bound states of the osmographi vauum are more tightly
bound than ordinary partiles. Do similar partiles exist in the visible
world?
Three of suh states are needed outside of the vauum for the new degrees
of freedom in the massive vetor bosons. They are presumably avor mixtures
dominated by tb, 1√
2
(tt− bb), and bt .
Little is known about other Higgs like bosons. It might be neessary that
they or at least the singlet partner
1√
2
(tt+ bb) exists with a mass in the range
of the vetor bosons masses. The singlet partner would then be similar to the
standard model Higgs exept there would be no preferene for a tt against a
kinematially favored bb deay. In general, eah Higgs like boson ouples to
the fermions it ontains. The typial prodution leads to a dominane of light
fermion deays.
However, the argument with theW mass range is not very strong  dispersion
of light is seen at energies deades below atomi binding energies. The usual
masses depend on a ombination of ondensation eets and of osmologial
sales; the masses of Higgs like partiles should reet the ondensation mass
9
sale only. There is no good argument to keep the ondensation mass in a
partiular range. The hierarhy problem between this ondensation mass and
the uniation mass is outside of the onsideration.
Experimentally no problem is expeted for the luminosity needed to pro-
due suh partiles: ouplings are part of pure physis and this exludes small
numbers. However, the energy will be ritial as suh partiles are known to
be heavy. The absene of abnormal bakward sattering in e+e−annihilation
at LEP limits the orresponding Higgs-boson to M(H{e+e−} > 189)GeV [10℄.
The large-transverse-momentum jet prodution at Fermilab limits M(H{uu}) to
an energy above 1TeV [1℄. At LHC a multi-TeV range will be reahed.
The osmographi vauum would obviously aet many osmologial ar-
guments. Central is the question of the uniformity of the vauum. The best
bet is to look for hanges in the symmetry breaking of the vauum whih o-
urred latest, as later means presumably also loser. Can we see osmographi
domains with dierent hiral symmetry breaking?
The rst step in understanding this question is a modied Leibnitz theod-
iy stating that we live in one of the most visible of all osmographi domains.
Slight variations in the hiral symmetry breaking, whih aet nuleon masses
but not lepton masses, would prevent fusion or allow for a neutron- or hydrogen-
dominated world.
So if variations exist we will not see them. Invisible domains might just
ontribute to the unseen mass of the universe. Starless domains an at as a
buer to allow for a not visibly violent oexistene of partile and antipartile
dominated zones. The asymmetry ould be a ondensation eet. The freeze out
time in zones with non-vanishing baryoni quantum numbers might be earlier
[11℄.
Slight variations in spetrosopi measurements might oer an exeption
to invisibility. Another most visible region ould have a still admissible shift in
hiral symmetry breaking with the orresponding shift in the nulear radius. An
appealing idea is that the laimed 10−5 variation in the ne struture onstant
with time seen in heavier atoms and not in lighter ones [12℄ ould possibly be
re-analyzed and re-interpreted as an zonal eet of a 10−2 hange in the nulear
mass and radius in a still not invisible domain entering the hyperne struture of
the spetrum as Ehyperfine ∝ me/mpEfine. It is possible that the rst evidene
for the onept of a non-universal vauum struture an be obtained in suh a
way.
5 Conlusion
The paper attempts atual explanations and not just parameterizations of ob-
servations. Many of the presented ideas are quite imaginative and require more
srutiny. One purpose of this paper is to illustrate that mass generation is still
largely unsettled. If Higgs-like bosons are produed at LHC they might not
have a preferene to deay in heavy avors.
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